A novel, sensitive and precise UHPLC method has been developed and validated for the simultaneous determination of the all the active components of a Polypill viz Zycad, i.e., Aspirin (ASP) Atorvastatin (ATV), Ramipril (RMP) and Metoprolol (MTP) in Zycad tablet dosage form in the presence of degradation products. Forced degradation of individual as well as combination of all the drug substances components of Polypill was conducted in accordance with ICH guidelines. Acidic, basic, neutral, and oxidative hydrolysis, thermal stress, and photolytic degradation were used to assess the stability-indicating power of the method. Use of 100 × 2.1 mm, 1.7 µm stationary phases with simple mobile phase combination buffer consisting of 0.1% Perchloric acid (adjusted to pH 2.5) and Acetonitrile, delivered in a gradient mode and quantitation was carried out using ultraviolet detection at 215 nm with a flow rate of 0.6 mL·min -1 . The method was optimized using samples generated by forced degradation studies. The method was validated for linearity, accuracy (recovery), precision, Specificity and robustness. The method was linear in the range of 37.5 to 150.0 µg·mL -1 for ASP, 5.0 to 20.0 µg·mL -1 for ATV and 2.5 to 10.0 µg·mL -1 for RMP and 25.0 to 100.0 µg·mL -1 for MTP.
Introduction
Ultra-high performance liquid chromatography is a new category of separation technique based upon wellestablished principles of liquid chromatography, which utilizes sub-2 μm particles for stationary phase. These particles operate at elevated mobile phase linear velocities to affect dramatic increase in resolution, sensitivity & speed of analysis. Polypill is a fixed dose combination, used as a single daily pill to achieve a large effect in preventing cardiovascular disease with minimal adverse effects. The concept has been applied to pharmaceutical formulations in recent days [1] [2] [3] [4] [5] [6] . In the present work, the UHPLC technology has been applied for the fast estimation of the four main components of Polypill viz, Zycad in a single method.
Zycad is a fixed dose combination of Aspirin (ASP), Atorvastatin (ATV), Ramipril (RMP) and Metoprolol Succinate (MTP). Each Zycad Polypill kit contains Aspirin 75 mg, Atorvastatin 10 mg, and Ramipril 5 mg in a single Capsule form and Metoprolol Succinate 50 mg as separate tablet. Aspirin (ASP), 2-acetoxybenzoic acid has an antiplatelet effect by inhibiting the production of thromboxane, which under normal circumstances binds platelet molecules together to create a patch over damaged walls of blood vessels.This effect lasts for the life of the platelet and prevents the formation of the platelet aggregating factor thromboxane A2 [6, 7] . Atorvastatin (ATV), (3R,5R)-7-[2-(4-fluorophenyl)-3-phenyl-4-(phenylcar-bamoyl)-5-(propan-2-yl)-1H-pyrrol-1-yl]-3,5-Dihydroxy-hep -tanoic acid is a member of the drug class known as statins, used for lowering blood cholesterol. It also stabilizes plaque and prevents strokes through anti-inflammatory and other mechanisms. Atorvastatin works by inhibiting HMG-CoA reductase, an enzyme found in liver tissue that plays a key role in production of cholesterol in the body. This enzyme catalyzes the conversion of HMGCoA to mevalonate, an early and rate limiting step in the synthesis of cholesterol [8] . Ramipril(RMP), 2S, 3aS, 6aS)-1-[(2S)-2-{[(2S)-1-ethoxy-1-oxo-4-phenylbutan-2-yl]amino}propanoyl]-octahydrocyclopenta[b]pyrrole-2-carboxylic acid is a prodrug and is converted to the active metabolite ramiprilat by liver esterase enzymes is an angiotensin-converting enzyme (ACE) inhibitor, used to treat hypertension and congestive heart failure [9] . Metoprolol (MTP), (RS)-1-(iso-propyl amino)-3-[4-(2-ethoxyethyl) phenoxy] Propan-2-ol is a selective β 1 receptor blocker used in treatment of the cardiovascular system, especially hypertension.Due to its selectivity in blocking the beta receptors in the heart, Metoprolol is also prescribed for off-label use in performance anxiety, social anxiety disorder, and other anxiety disorders [10] .
Though there were lot of papers published for the individual estimation of the drug substances ASP, ATV, RMP and MTP in pharmaceutical preparations, Literature survey did not reveal any simple, sensitive and stability indicating LC method for the simultaneous determination of all the four drugs as a fixed dose combination. Literature survey reveals that a variety of spectrophotometric and chromatographic, stability indicating LC method has been reported for determination of these individual drug components as well as combination of two or three drugs in pharmaceutical dosage forms [11] [12] [13] [14] [15] [16] . The present drug stability test guideline Q1A (R2) [17, 18] issued by International Conference on Harmonization (ICH) suggests that stress studies should be carried out on a drug to establish its inherent stability characteristics, leading to the development of a separation method for the degradation products and hence to support the stability indicating nature of the method.
This manuscript describes the development and validation, in accordance with ICH guidelines, of a rapid, economical, precise, and accurate stability-indicating reversed-phase UHPLC method for the estimation of Aspirin (ASP), Atorvastatin (ATV), Ramipril (RMP) and Metoprolol Succinate (MTP) in Zycad along with method validation.
Experimental

Chemicals
Pure Samples of Aspirin (ASP) Atorvastatin (ATV), Ramipril (RMP) and Metoprolol Succinate (MTP) with purity more than 99.5% were kindly supplied by USP India (P) limited, Hyderabad, India (Figure 1) . Zycad Polypill kits were purchased from the Market. HPLC grade Acetonitrile, Perchloric acid and triethylamine was purchased from Merck Germany. Milli-Q water prepared by using Millipore purification system.
Equipment
Waters AQUITY UPLC binary pump plus auto sampler and an AQUITY photo diode array detector were used during the method development, Stress studies and for method validations. Empower software (Digital equipment Co) was used to monitor and process the output signal. Controlled temperature oven (Mack Pharmatech Private Ltd., Mumbai, India) was used for solid state thermal stress studies. Photo stability studies were carried out in a photo stability chamber (Mack Pharmatech, Hyderabad, India.
Chromatographic Conditions
The Chromatographic separations were achieved on a Waters Acquity UPLC BEH C18 Column (100 × 2. dosage unit. The contents of the Capsules and tablets were crushed to a homogeneous powder and a quantity equivalent to one dosage form (i.e. Equivalent to 75 mg ASP, 10 mg ATV, 5 mg RMP and 50 mg MTP) was weighed in to a 100-mL volumetric flask, extracted in diluents by sonicating for 10 mins, and filtered through Whatman no. 41 filter paper. The 1 ml of the clear filtrate) was quantitatively transferred to a 10-mL volumetric flask, and solution was diluted to volume with the diluent.
Preparation of Standard Solutions
Analytical Method Validation
The method was validated for specificity, precision, sensitivity, linearity, accuracy, robustness, and system suitability. Forced degradation studies were performed on individual as well as mixture of all the four drugs, to provide an indication of stability indicating property and specificity of the proposed method [19, 20] .
Acid hydrolysis was performed in 0.1 N HCl at reflux condition for 1 h. Basic hydrolysis was performed in 0.1N NaOH at reflux condition for 0.5 h.
For studies in oxidation condition, the drug combinations were exposed to 5% H 2 O 2 . RT for 8 h. Photolytic degradation studies were performed carried out as per ICH Q1B.The dug samples was exposed to light for overall illumination of 1.2 × 10 6 lux h and an integrated near ultraviolet energy of 200 W h m 2 . To study the thermal degradation the drug combinations were exposed to dry heat at 60˚C. Peak purity of stressed samples was checked by using a Acquity photo diode array detector (PDA). All stressed samples were analyzed for extended run time (30 min) to check for late-eluting degradation products.
Initially, system suitability was prepared, by dissolving appropriate amounts of all the four standard drug substances in the diluents to get a final concentration of 75 µg·mL -1 ASP, 10 µg·mL -1 ATV, 5 µg·mL -1 RMP, and 50 µg·mL -1 MTP, and injecting into the LC system and evaluating the criteria like Resolution, USP Tailing factor and No. of theoretical plates for each drug component. The optimized method was validated with respect to various parameters summarized in the ICH guideline Q2 (R1).
The precision of the assay method was checked by injecting the 6 replicates of the sample preparations of the commercial tablet (Zycad).Repeatability (Intra-Day precision) of the assay method was evaluated by carrying out six independent assays of the commercial tablets with concentrations 0.075 mg·mL 
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and calculating the % RSD of the assay results. Intermediate precision (ruggedness) was evaluated by conducting precision studies using different analysts and different columns in the same laboratory. LOD and LOQ for ASP, ATV, RMP, and MTP were estimated by injecting a series of dilute solutions with known concentrations. The precision study was also carried out at the LOQ level by injecting six individual preparations and calculating the RSD (%) of peak area for each drug components.
To ATV, 5 µg·mL -1 RMP, and 50 µg·mL -1 MTP were added to a placebo mixture the sample was extracted, and the assay was evaluated against the standard and percentage recovery was calculated.
Robustness was tested using the so-called "one factor at a time" method. The factors evaluated were flow rate, column temperature and pH. The experimental conditions were deliberately changed and the relative standard deviation for replicate injections of ATL, ASP, RMP and MTP peaks and the USP resolution factor between MTP and ASP peaks were evaluated. The mobile phase flow rate was 0.6 mL·min -1 . This was changed by 0.05 units to 0.55 and 0.65 mL·min -1 . The effect of column temperature was studied at 40˚C and 30˚C instead of 35˚C. The effect of buffer pH was studied at pH 2.4 and 2.6.
The solution stability of ASP, ATV, RMP and MTP was carried out by leaving the test solution in tightly capped volumetric flasks at room temperature for 48 h and assayed at 6 h interval, against the freshly prepared standard solution. The mobile phase stability was carried out by assaying the freshly prepared sample solution against the freshly prepared standard at 6 h interval up to 48 h. The percentage of RSD of assay of ASP, ATV, RMP and MTP was calculated for the study period during mobile phase and solution stability experiments.
Method Development and Optimization
A detection wavelength of 215 nm was used for method development work. This was established by preparing 100 µg·mL -1 solutions of each individual drug components of the formulation and scanning in UV-Visible spectrometer.
Initial experiments during the analytical method development reveals that the critical challenge is to obtain adequate retention for the polar parent compound, MTP and ASP, while maintaining a reasonable elution time for the less-polar Atorvastatin (ATV) and to separate one of the degradation impurity Salicylic acid (SA) from the ASP peak.
The ACQUTY UPLC BEH C18 (50 × 2.1) mm 1.7 um Column was chosen for initial trial with 0.1% Formic acid and Acetonitrile as the mobile phase. Different mobile phase compositions containing Formic acid and Acetonitrile (50:50-20:80 v/v) were tried. But was not successful in getting the good peak shapes for the Ramipril (RMP). There were no improvements in the peak shape of the RMP even under different pH of the buffer. Using of 0.1% Orthophosphoric acid as buffer also unsuccessful in obtaining good peak shape for RMP. Although good separation was achieved with 25 mM Sodium perchlorate: Acetonitrile in the gradient mode, Atorvastatin and Ramipril peak symmetry was found to be greater than 2.0. The asymmetries of the peaks were improved by addition of Triethylamine (TEA) and adjusting the mobile phase pH to 2.5 in the aqueous phase.
The chromatographic separation with better peak shape was achieved using a mixture of aqueous 0.1% Perchloric acid and Acetonitrile in the ratio of 40:60 (v/v). However to improve the resolution between the closely eluting peaks, the method was changed to gradient mode and optimized the gradient conditions. But when stressed samples injected with this optimized conditions, it was found that some of the degradants, co eluted with the principal peaks. So the length of the column is increased to 100 mm and the method was optimized to separate all the degradants from the main peaks by changing to Gradient mode. Several gradient conditions were tried before optimizing the final gradient programme as: time (min)/% solution B: 0/10, 1.0/60, 1.5/80, 2.0/60, 2.5/10, 3.0/10.
As peak shape of Atenolol (ATL) was one of the issue even after optimizing the LC parameters, effect of the diluent on the peak shapes was studied by changing so many combinations of the diluents. The ATL peak was observed as split in most of the compositions of the buffer
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and Acetonitrile. Finally Buffer: Acetonitrile in the ratio 80:20, v/v, was optimized as the diluent to obtain good peak shapes. Degradation Study) 
Specificity/Application of Stress (Forced
Optimization of Chromatographic
Singh and Bakshi suggested target degradation of 20% -30% when establishing the stability-indicating properties of analytical methods, because even intermediate degradation products should not interfere with any stage of drug analysis. Stress studies on combination of all the four drugs under different stress conditions suggested the following degradation behavior. The combination of the drugs showed considerable stability under thermal conditions.
Conditions for UHPLC
The satisfactory chromatographic separation, with good peak shapes were achieved on ACQUTY UPLC BEH C18 ( 100 × 2.1) mm with 1.7 µm particles, using 0.1% Perchloric acid (adjusted to pH 2.5 with Triethylamine) as solution A and Acetonitrile as solution B with a flow rate of 0.6 mL·min The method was found to be high degree of specificity to the drugs viz ASP, ATV, RMP, and MTP. All drugs were well separated from one another as well as resolved from degraded impurities. The specificity of the method was confirmed by the separation of all the peaks in the degraded samples obtained under different conditions. In the optimized gradient conditions MTP, ASP, SA, RMP and ATV were well separated with a resolution (R s ) of greater than 2 and the typical retention times of MTP, ASP, SA, RMP and ATV 1.12, 1.16, 1.27, 1.42 and 1.78 respectively .Peak purity of stressed samples of all the four drug substances were checked by using Acquity Photo diode array detector. All stressed samples of the drug product (heat (100˚C), acid hydrolysis (0.1 N HCl), base hydrolysis (0.1 N NaOH), water hydrolysis and oxidation (5% H 2 O 2 ) were analyzed for extended run time of 60 min to check the late eluting degradants.
The mixture of all the four drug components was exposed to 0.1 N HCl at 100˚C for 1 h. ASP and ATV Showed considerable degradation with time in 0.1 N HCl with the formation of Salicylic acid (SA) as the major degradant Figure 2 .
When treated under basic conditions, ASP and RMP has shown significant degradation immediately in 0.1 N NaOH with ASP is converted into salicylic acid (SA) (Figure 3) .
Under oxidation conditions, ASP and ATV has showed considerable degradation by the treatment of 5 hydrogen peroxide. Typical chromatogram is as shown in Figure 4 . All the four drug combinations were exposed to light for an overall illumination of 1.2 million lux hours and an integrated near ultraviolet energy of 200-watt hours/ square meter (w/m hr) (in photo stability chamber. Major degradation observed with ATV ( Figure 5) .
The proposed method is applied for the assay analysis of 3 different batches of the Zycad. The assay results obtained were within the specification limit. The assay of Polypill is unaffected in the presence of degradation impurities confirming the stability indicating power of the developed method. The stability indicating nature of the method was further confirmed by injecting three month accelerated stability sample and observed that all the degradants were well separated from the main components.
For all the stressed sample injections, peak purity was checked by using a Acquity photo diode array detector (PDA). Peak purity test results derived from PDA detector, confirmed that the all the four drug components were homogeneous and pure in all the analyzed stress samples.
Analytical Method Validation:
The developed chromatographic method was validated for selectivity, linearity, range, precision, accuracy, sensitivity, robustness and system suitability. The typical chromatogram of System suitability shown in Figure 6 . The results of system suitability were depicted in Table  1 .
Precision
The percentage RSD values for the assays in precision study were 0.4%, 0.8%, 0.4%, 0.5% (inter-day precision) and 0.5%, 0.8%, 0.6%, 0.7% (intra-day precision) for ASP, ATV, RMP, and MTP confirming a good precision and the ruggedness of the method.
Sensitivity
The limits of detection (LOD) and quantitation (LOQ) were established at signal-to-noise ratios of 3:1 and 10:1, respectively. The LOD and LOQ of ASP, ATV, RMP and MTP were determined experimentally by injecting each drug six times. The LOD for ASP, ATV, RMP and MTP were 0.1, 0.2, 0.25 and 0.12 µg·mL -1 respectively. The LOQ for ASP, ATV, RMP and MTP were 0.3, 0.7, 0.8 and 0.4 µg·mL -1 , respectively.
Linearity
The linear ranges were from ((37. all the four drugs in the Polypill combination.
Robustness
The results obtained by deliberate variation in method parameters and data are summarized in Table 3 . The data revealed that the resolution between closely eluting peaks, namely ASP and MTP was always greater than 2.0 and also there was not much effect on the peak shapes, illustrating the robustness of the method
Solution Stability and Mobile Phase Stability
The % RSD of assay of Polypill during solution stability and mobile phase stability experiments was less than 1.0.
No significant changes were observed in the content of ASP, ATV, RMP, and MTP during the study. The solution stability and mobile phase stability experiments data confirms that sample solutions and mobile phase used during assay determination were stable up to the study period of 48 h. Assay analysis was performed for different batches of the drug product in tablets (n = 3), with the targeted analyte concentration. RMP and 100.3% MTP) depicted in Table 4 .
Application of the Method to Stability Study
Accelerated conditions stability studies are performed to establish the stability indicating nature of the method. Accelerated conditions (temperature 40 ± 2˚C, relative humidity 75 ± 5%) stored sample of the four drug combinations were analyzed by use of the developed UHPLC method after the period of 3 months. The results obtained clearly indicates that the method is able to separate all the drug-drug interaction impurities or any other degradation impurities formed during the storage conditions, indicating the method was stability-indicating and highly suitable for drug stability studies and for monitoring the quality of the Polypill.
